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Fig. 1 NAL'’s Aero-propulsion research activity with the history of aircraft engine development in japan'’
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Table 1 Objective FJR710/600 engine specifications'®
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Table 2 FJR710/600 engine test items”
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Table 3 FJR710/600 engine component test items'”
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(d) Bird ingestion test

(e) Cross wind test (f) Ground icing test

Fig. 3 FJR710 engine environment tests* "
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Table 4 FJR710/600S engine tests”
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Fig. 6 USB system ground rig test”

Fig. 4 FJR710/600 engine noise test?

—5—
Download service for the GTSJ member of ID , via 216.73.216.187, 2025/09/09.

Fig. 7 FJR710/600S FTB test”
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Fig. 9 Time history of FJR710 running test'”
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(1) Katsumata,l., Effect of Mach Number on Cooling
Effectiveness of Film Cooled Turbine Blade, The Film
Cooling Work Shop, Univ. of Minnesota (1975).
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Advanced Gas Turbine Project and R&T
in National Aerospace Laboratory, Japan
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Ceramics, Full Coverage Film Cooling, Methane Fuel

REGOBEARANEZ 2 7201, FAOBHO I KB A
A5 =Y B L BT A DWEE), & LTSI
g & oBOZH 2 EORREIEER I, FICEHR
LLfE- T&zo TOHFKBELHZATBIIEZITL
oo ZITIOMHTIE, 12— 4 Mt & LAMHT S
N7B T AP OMERFOHORRTO Y =7 + [FH
RIFEHN A Y — OS] 1I2DoWT, WIZERFTEE)
ODRWMBFMEEZ L L LI, BEAB X OYFEOH
A BTz, 8, A%, 85K, HALED
Y%, BROHZBELTRAZELELT, RKYESTR
Vo BEICEBEICA-> TBONLFERE, HEOHIAL
X, [HEO ZHEREZ BV, 0 21T R & 2 R & 5%
L7zAKRER 7Y 27 b OBIRO—ii% Bz L7z
weE9,

1. L—>54 METEIEBHEH X 4 —E AR
1.1 L—>54 METEISAM

A= T4 MEIEIE, 19784F A 5 1993412 1 kg o0 il o
B TEFAMBE TIM S N7 T A4V F —HalriF e B 565t
WTHY, FTAVF—HMIIERED [P xv g v
BRI ] & _TINT R o THEME S N7z 1973 DE 1 Kk L
1979-804E D 2 IR D 2 WIZE - TR Z B 5 72 F £ L
Yav ez, TAVF-FHMENLE TR
F—Mia s 27 2 @eft, AV —HRFHOKEER
WIS AH RS R HIg L2 KM 7 u ¥ = 7 MR C
Hbo FHENZE 1 IRTHY, 6 70T =7 MIREH
1400 M AR U bz ShICX Y, BERAHHI > A
F A, BHRGEIEE, TAY-—YrouE, WHAY—
VoY y, BEEMERORIE v— MK TO

R 20164E 9 H26H
%1 SKYI7 1 A~N— ZHFFeiT
T160-0023 Hife X P6Hi1E 7 -21- 1

AL EOERDPE O T AV F— EEHME L CEE
TR EEATEREVR D,

1.2 EWERHFRXL2—ECHEREOBE

FTh [BETAY—Y v OWgess] 1, FHE
DIEEHTH T & BRI LS, FlziE Lo T s
AT ANF—=ZHMT 5L DI, REBAZ AR
LT LEHME L, BMiEEREE S LA—2 T4 b
WRKOWZERE T Y 27 b Tholos

WFZERISE DFTIRE & Z 0 BA%, PAIEIZE 2 1R
T THDH, AFKIX, WIEMEZ UHOAMLEFITH
WodsHEIMAZ, k&L TERSNHERDT
Uy MOSHTEAETHEMEN 2 & &ML TR
MER L7z DTHL, HEOHRTH ¥ —¥ ¥ ALRE
1500C 1M ZmMrb 0%, TOELLEZHEHV
y—ry ez, T2, HEH (Je—1) A4
HAY—EVIEREAAY —E & LTRAOHET
HoTz,

WIFERZE IS L 7243, HBIZDLTo@) TH Y,
ZORFEL, MAEHET260M M, FEIII277EM &
Y, TOH)HLRMEEORE L LC238MEM, R
ZEREBINIIRI3UE A L S 7z,
ATRZER A I Ee 1|

BRI A Y — ¥ A e S ()

WL - HE SFEEL JIMETLT, IHL H, #
2, ZIREn

CY)] BT, WE

MR A= AN&E, ZZE4aE, Mg KR
FEERSH, kT, OARMT, U1

RBITEARE BRI, A E TR, KPR,
JUMM TE (DL R, fit S
(BIJAXA), &t (Bisar)

DD, EEFRAIAMIPHMERR L ERZHEZD

Download service for the GTSJ member of ID , via 216.73.216.187, 2025/09/09.



460

BRMEARZ-—ELTOT T MEMBRICE T DMERE AEAHR 2 —E ¥R

Table 1 Moonlight project overview

Fuvzs M4 PO R

1 BEBGFIRRNG S 272 | 1976 ~ 814EE © il — MR Y 7 & LTI Y 2 7 A5 27V, RIS RZ 17,

o MHDRE L 1976 ~ 834 ©  TERATEIRIC X 2 PSRRI & L CAIMRER IR i B B R 2 1 o 72
B EAEAA YL 178~ TN WBA—, EIA—A, K BRI KERBML, 1005kwo S4By kT

...........................................................................................................................................................................

4 PHA S = v 7T | 1082 ~ STHERE © BUIEIT% OGS ERII A ¥ — ) Y r Ty Yy OFHLER O BB R EBL, £
vy D LD B %57,
5. PiMAEILE Y A | 1983 ~ OVERE 1 A MOPMWEM (NaS, ZnBr, ZnCl, L Ky 2 270—) Olkwd & O10kwD it

e

CMEHETAREOTO Y 27 b Bl HBNL YR FUR T 01400C# 4 — ¥ vl & AT R 5 —
VBV VAT ARPRETAER Y - EOBAT A 2 VEMIC L o T, BRAEFEMHFED% (LHV) Z%E
VBT A HNTEL AT 2 8, 1300C D84 By T T Y MR Y, SLT%OWAREEAERL, 5108
CEHANE HIR L2 70 by A TEERBICE D, BRES T 3 v 2 ARG, R, v
D EORIERBANREIC O Z  OBREKL, TORORASEDOHT A Y — U VIR REIISZ NG 25 HE

DERBIFL, T0%05T7% DI ANV EF A ER L, ¥ 721000kwik Otk BRI EN, Na-S#Eil, Zn-Bri
b ENENOSEGE Y AT AR RS

...........................................................................................................................................................................

R 7 S

6. A—N—k—FRIT - i 1984 ~ 924ERE 1 M — MR T LS I NVEBEKE LA G DYV AT L 0PN & B,
IANF—EMI AT 2 1 1000kwik D84 Ty b 7T 2 b OfEREEREE Elt. S SICRBOREITEZ 17, Bl - R TRl
b g,
[1999/2000% J§ = 4 )V ¥ —4E88 | % BE IT/EIK
Table 2 R&D technical objectives and target for each subject
HH bl 56 H A%
BASETA 2 :r‘//‘w‘fl\“h‘/( 8. EPFEEJ?%}H-ﬁ?&jff—lﬁvﬁﬁgiﬁlﬂlﬁféﬁﬁﬁ—ﬁv:HTDU, N4y b7y ME
HEYAT A G, 70 by A TERENS X B BANILEE MRS, BRI O A
B 55% ML b (LHVA:HE)
¥ —¥ v AL 1500C (Pilot Plant:1300C, Prototype:1400T)
HAY—¥ Vi) 100MW 2 5 A (LNGHAE)
WEF P JE A% FZEIVERE (BT ER)
IRBERT 1500C, 55ata (55MPa) #hbEds, imHIZe4Gn
y—E 1500C (2 2 % 1o Z v EERE, B
A > 2 7 2 WAHRGE, F4FIvrvIal—vav
B 2 T A BEFA 7N (2BARIE) oGtz
T A £ 42 7)) — TR S 1,000C, 900C, 800C 7 V) — 7 Ehrim &
Fe il TEJE LI S 0.5% 403 AME2,50008 BL L
e T A LS A1 AR R R 7 ) T
WIS Iy 72 | HFmeE 1,500 3 sl yugpe g8l
o5 T E 1,500°C, 1,000k [ A Sk #3100 T 1T U i g
7 ) — T S 1,500C, 1,000/ D 27 V) — 7 krig S

TS, BEN RO, BATHO 4 % &, %
ZMD300% % R A WFEEHAMF MR 7125 DI 4

DB THD Sz,
2. N4y bTS2 b, TAMNEATICKBET

b=

3

Tl O & 7% B FAR AR, BERE50% (LHV),

FEEINCHEBE SNz, M1idsfay b 75> OBk
ENF0 = EHTH Do 1986470 Sy 1 4E M & iz kA
fibh, BEBIES17%, HHISHkwEEKL, £
SO T— 5 2T L7z D RFOREE5 25N,
ERZLNGIFE 7 ~ 7 R KIZESSE B MmO, 1
BT IENELRAZE84 3y b 75 Y PHFEH L WG
EFHoTVWALRERZTWS, ZOTT Y ME, fiizes

Hh100ikw, #—¥ Y A0 OEEL300C D34 2 v |k
77 v MO, MEETHY, FEHETT Y MEIZENET
WA S A 2 BRI, My Y v oM EKIEC
Wy Ah, L - BEEA—HOSHICEIVEESR, =
FETEGCHAN T, REROE, HEEII M~ il

THHEMIIZERT (L) D%# TH 5 IR KIEBHIEZ O
TRIITHALER A IS WA I RAE, RSz,
PRI OHERREEE 72 b Y A4 T AT L DS
FEIHELT, 40y 75V NOBEEEE—FED
i E y — © B E (HTDU) AR s,

Download service for the GTSJ member of ID , via 216.73.216.187, 2025/09/09.



Vol.44 No.6 2016.11

BRMEARZ-—ELTOT T MEMBRICE T DMERE

461

‘E-l“'lﬂ W
. . "

] | [ 2. =

I”u—--‘.

Fig. 1 Pilot plant at sodegaura site of TEC
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Fig. 2 Turbine temperature increase of aero-engines and electric
generation gas turbines and their efficiency improvement
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power plant of tokyo electric power company)
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Table 1 Specification of design point for MLGT combustors

GT Plant Pilot (AGTJ100A) | Proto (AGTJ100B)
Combustor HPC RC HPC RC
P1 (MPa) 5.6 0.9 53 0.8
Tl (K) 733 1008 737 1061
0,1 (vol. %) 19.3 12.4 19.4 11.2
T2 (K) 1573 1444 1673 1473

HPC: High Pressure Combustor, =~ RC: Reheat Combustor

1: Combustor Inlet,  2: Combustor Outlet
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Table 2 Characteristic size of MLGT combustors

Combustor HPC RC
Number of Can — 10 12
Diameter of Liner m 0.170 0.410
Diameter of Flow guide m 0.220 0.530
Length of Liner m 0.500 0.900
Length of Transition m 0.300 0.600

Jgnition plug
£
b o Ing
.ﬁ‘s
- ‘ﬁ. wr.
@

Cross ignition tube'
Flow g

lor liner

i —

Fig. 1 Basic structure of reheat combustor (1 Can-segment)
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Fig. 3 Combustion performance for low (02)1 -—model Test
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Fig. 9 AGTJ100A RC liner for GT operation
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Fig.13 Developed Kawasaki gas turbine
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Table 3 Characteristic performance for Kawasaki GT

Type M7A L20A L30A
Entry Year 1993 2001 2012
Output Power 6~ Mw | 18~MW | 30~MW
Thermal Efficiency 30~% 35~% 40~%
Pressure Ratio 12.7~ 20~ 25~
Turbine Inlet Temp. 1300 K~ | 1500 K~ | 1600 K~
NOx (0,=15%) ~25ppm | ~20ppm | ~15ppm
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Fig.16 Laminated annular combustor for jet engine
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Fig. 1 Cross section of the first steam turbine developed
by domestic technology
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@ Commercial Operation:Oct,1966y

@ Location:Matsuo Village,lwate Prefecture

Fig. 3 The first geothermal power plant in Japan
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Fig.12 Example of rubbing trouble under test operation

Z & BRERR L 2o RBERR T I O EN O BREESE % 7 51 A Xk

H L7275, NOxiZ10ppmBl T &Ko 720 PRBEIR FE 28 (1) KA, FIHEAM oMK, EXEF#10H %5, Vol 100,

9B0CHETH LI LEELD RN LB HIF S No. 10 (2015), pp. 40-52.

. (2) KWL, KHFHET T > bRHOWE LA (1.5
1578 BB HAMT4 H 5, Vol. 58, No. 5 (2016), pp. 12-19.

(3) KRHWAE, KBDEETT v Mo EELEHN (2),2

6. &DYI- Y SA Y KA 5 VSRS 5, Vol 58, No. 6
Lk, & —REROB G HE T 5B CRE LT (2016). op. 715

AR I TVCOWTEANEORBRO FOTRA L0 () Jawmk, KB 2 ERNIDEHEIOWT, X))

BUED & — RIS NEDE 7 L7 RRBR O R D 112 T 1588 H 45 Vol. 65, No. 8 (2014), pp. 18-23.

MOV TWnWAHBZ a2 THMIETZbDER S, R (5) HEMEL KR 2857 — ¥ v, 7 — KW %, (2013),

57— NIRRT 5 72 O /MBREEB ORI IS I pp. 2-17.

NMDEENEL, £, BLOBRIIH L. 51k,
HIZHR LTI b L ibh, SHRoOETEMNE O
FRIZHIFE L 72w

KEaHGH, ¥ — FEWO 55 %2535 TS 0%
ZRHRNTEVTH b,

— 39 —
Download service for the GTSJ member of ID , via 216.73.216.187, 2025/09/09.



484 HAHZX 2 —-E ¥R

Vol.44 No.6 2016.11

it » B —

B KRBTV = MRS AT Y VY ORI Y — € H - RO RRANORE

WENETH A ¥ — ¥ UWiseh3g & il - SRS A ¥ — ¥ Y IZmiy7:

JEA D )5 B

A Review of the Research and Development of the
WE-NET Hydrogen-oxygen Combustion Turbine
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Fig. 1 The Organization and subtask themes of the research and development plan
for the World Energy Network (WE-NET) national program'”
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Fig. 3 Cooling structure of the stator blades (closed steam
cooling /local film cooling, Toshiba)®
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Fig. 4 Cooling structure of the rotor blades (closed steam
cooling /local film cooling, Toshiba)™
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Fig. 5 Cooling structure of the stator blades

(closed water cooling, Hitachi)"
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(closed steam cooling /local film cooling, Hitachi)®?

Fig. 7 Cooling structure of the stator blades
(Full closed steam cooling, MHI)"™

Fig. 8 Cooling structure of the rotor blades
(Full closed steam cooling, MHI)"
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Fig. 9 Preliminary layout plan of the hydrogen combustion turbine
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Fig. 10 Conceptual diagram of the carbon dioxide recovery
gas turbine closed system'’
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| WE-NET (World Energy Network)

Fig. 5 Concept of the WE-NET project®.
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Fig. 3 Superalloy turbine disc as forged superplastically, using
powdered alloy after HIPing (diameter : 340mm)

Fig. 5 Ti alloy compressor disk with blades, made by
superplastic forging of compacted alloy powder
(diameter: 400mm)
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Fig. 6 Blade-like piece of ODS-Ni-base superalloy, made by
mechanical alloying and directional recrystalization
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{ZEZE] : at the end of the day, -

{BeR} < [ L7zBeicid ), [REMIE) T[RRI
{EHBAl - SO, HESFTOIRETTH X HR
NFE3, FAORLFICL R LN T T, LTl DRI,
[ZOHDO#DLYIZ] TL I, EBROEFKREWVILE
WET,

2, ZAOED, wEFHEIZOWTEHETE LTw
HELTLEI. LAaL, BMIEDLD 2o THEGRIZH
TZF, 4HOLZ AR THeITF, 2 FL
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ZOSEX, ZFoOho “the day” EE I WT
WAHLODMREENZZH TR0, MIHoE 5
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BWIAID, b oz L7,

Tl&, ZOMABITT, 222, FAHFHOUH & 2L
BEAIHENT, KHEELFHI IRz LELE S
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1 Mrar¥ay s

—E-%&
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{ZOR} : [EE 2 L TR 5], [HRICEE3]

BB : CoOSEIE, —o0ERSHY TT, —O
i, HELLHEMIOL L)L, BRI THEEL LM
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{#EEE] : a pineapple express
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FFICHET HE, N F Y TVORERNT 1 iR %8
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KEZESTHICRDET (BEEHRI).

WO TE, TORBKSKE, TAVAERL2LENR
ENT A FHEBAE» SR B 72012, “a Hawaiian storm”
ELMEIN TV AEDL D) L,

ZEZBEH SLEHIAEREZELZFFTRLTVET)

9. en.wikipedia.org/wiki/Pineapple_express
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